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The order of k. h value is as follows:
(i) For univalent' cations (nitrates): K+>Na+>NH~
(ii) For bivalent cations (nitrates): Ca2+>Sr2+>
Mg2~>Ba2+
(iii) For anions (as potassium salts): CI04> N0:i>
Cl-> Be> CNS- > 1- > SO~-> CH3COO- > N02 >
H2P0"4> C6HsCOO-> tart>
Thanks are due to Dr S. N. Dubey, Principal,
Agra College, Agra, for providing necessary facilities
and also to CGC for the award of a contingency
grant to one of them (M.S.).
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Kinetics of the reaction between ferric chloride and
thiourea have been studied at pH 1·5. The total order
of reaction is found to be 1·5, one with respect to thio-
urea and 0·5 with respect to ferric chloride. The
energy of activation, frequency factor and entropy of
activation have been determined. Urea is found as
one of the products of the reaction. A probable
reaction mechanism has been proposed.
REDOX reactions of ferric chloride in acetone,
with some compounds of thiourea type have
been reported previously by Kovacovu". However
the reaction has not been studied in aqueous
medium. The present paper reports the results
·For correspondence.
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of a systematic kinetic study of the reaction between
ferric chloride and thiourea in water.
All the chemicals used were of CP grade and the
solutions were prepared in doub ly dist illed water.
Ferric chloride solution was standardized by pot as-
sium dichromate method. The pH of solutions
were adjusted to 1·50.
The course of the reaction was followed at
different time intervals by measuring the absorption
at 420 nm employing an ERMA 600 photoelectric
colorimeter. This wavelength gins the maximum
absorption for ferric chloride.
It is observed that at constant [thiourea J the rate
increases with increasing [FeC13J (Table 1). The
order of reaction with respect to ferric chloride was
determined using Vant Hoff differential equation
taking concentration in terms of initial optical
density. It is found that the order of reaction with
respect to ferric chloride is 0·50. At constant [FeCI3],
the rate increases with increasing [thiourea] (Table
2). The plot of log x against log dxldt is linear with
a slope of unity indicating that the rate follows
first order kinetics with respect to thiourea. Hence
the total order of reaction with respect to ferric
chloride and thiourea is 1·5.
It is observed that the rate constant increases
as the ionic strength increases (Table 3), indicating
TABLE 1 - EFFECT OF VARYING [Fef'L] ON THE
REACTION RATE
{[CS(NH2)2J = O'l1IJ; temp. = 30°; pH = I-S}
[FeC13] -dx/dt x 10' [FeCI3] =- dx idt x 103
M rnin' ' M min ?
0·05 10·0 0·0125 6·4
0·0375 8·0 0·005 4·35
0·025 7·5
TABLE 2 - EFFECT OF VARYING [CS(NH')2] ON THE
REACTIONRATE
[FeC13 = 0·0375M; temp.= 30°; pH = 1·5J
[CS(NH.hJ -dx/dtxl02 Kr x10s Kn xl0·
M mirr ! mirr? mint !
0·05 1·3 1·363 1·69
0·1 3·0 3·60 4·30
0·15 6·9 5·71 9·60
0'20 10-0 10·5 18·0
0·25 12-4 14·0 28·0
Kr is the first order rate constant and Kn is 1·5 order
rate constant.
TABLE 3 - EFFECT OF ADDED SALT ON REACTION RATE
[FeCls = 0'0375M; CS(NH2)! = 0·05M; temp. = 30°;
pH=1'5]
[NaCl]
M
0·00
0·05
Krr xl0·
min'?
Kn X101
rnin"!
[NaCl]
M
0·15
0'2
22·0
24'0
1·69
6·6
Kn is 1·5order rate constant.
that the reaction is subjected to slight positive salt
effect.
Tile course of the reaction has been studied at
various temperatures in the range 30-40° and the
1·5 order rat.e constants have been calculated at
dirierent temperatures. The values of energy of
acrivat ion , frequency factor and entropy of act iva-
tion arc 6·9±O·43 kcal mole'", S·7g±O·S8x102\itre
mole:" sec-l and 62·23 ± 1·5 e.u. respcct ively In
lIeneral when two anions come together to form the
~ctivated complex, the resulting entropy of activa-
tion for react ion is larg e anel negative. Frorn the
above data one can postulate an ionic transition
state which has extensive charge separation resulting
from the transfer of electron from thiourea to ferric
chloride, This finds support from the observat ions
recorded by Behera". " ' .
The reaction mixture of terric chloride and
thiourea was kept for 36 hr , It was found that
the yellow sulphur settles at the bottom. The
solution w.is filtered and extracted with ether. Alter
e\'aporation of ether layer, white crystals were ob-
tained. The compound was identified as urea.
The aqueous layer was analysed for the prese~ce
of ferrous or ferric. The presence of ferrous JOn
was detected by usual semimicro tests. The different-
stages involved in the reaction may be represented
by Eqs. (1-3) and the overall reaction by Eq. (4):
FeCl3+~CS(:;\H2W = Fer 12+~CS("KH2)2++2Cl- .' (1)
2(l-+H20 = 2HCI+02- .' (2)
CS(~H2)~++02- = CO(NH2)2+S ,.,(3)
2FeC13+CS(KH2)d ..H20 = 2FeC12+2HU+S
+CO("KH2)2 ,.,(4)
Two of the authors (S.~,K, and Y.B,V.) are thank-
Jul to Shr i G. R. :\lhaisek,~r, Princijo.l , yeshwant
::\!:l};cyi\'F!;\ya, :\~,l1de(l, for his encouragem~nt,
gui<.lance anrl for provid iru, Pt'C{'SS<lIY Iac ilit ics.
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Molecular adsorption and ion exchange of fatty
acids (formic to n-butyric) and mono-, dl- and tri.
chloroacetic acids on sodium. potassium and magne-
sium forms of Amberlite-IR-120 have been studied.
The experimental data show that the molecular
adsorption increases with the chain length of the
*Author to whom all correspondence should be addressed.
NOTES
hydrocarbon part of the acids for all salt forms of the
resin. The sequence of ion exchange for all the salt
forms of the resin is propionic <acetic<formic. The
position of rr-butyrtc acid is not unique due to the
effect of its chain Ierrgfh. For the chloroacetlc acids,
the sequence of ion exchange is mono- <dt- <tri-
chloroacetic and that of adsorption is tr-i- <di- <
monochloroacetic.
STAROBINETS and Kharevich- studied the
molecular adsorption of fatty acids on different
ionic forms of a cation-exchange resin. But they
did not show the simultaneous ion exchange of
these acids on the cation-exchange resin, when its
counter ions were other than H~. Starobinets and
Gleim" were the first to differentiate between mole-
cular adsorption and ion exchange of weak organic
electrolytes on an anion-exchange resin. Errnolenko
and Sviric.ova" and Tsitovich and Kuz'menko! tried
to show the simultaneous molecular adsorption
and ion exchange of weak electrolytes using only
anion-exchange resins. But no such attempt has
been made with a cation-exchange resin. In this
paper, differentiation between molecular adsorption
and ion exchange of straight chain carboxylic acids
(from formic to n-butyric acids) as well as three
chloro-substituted acetic acids on Na+, K+ and Mg2+
forms "of a strongly acidic cation-exchange resin,
Amberlite IR-120, has been presented.
Amberlite IR-120 was converted into H+ form
by treating with 2N HCl solution. The total
exchange capacity of the hydrogen form resin was
determined as 4·90 ± 0·04 meq/g of dry resin. The
H+ form resin Vias then converted into Na+, K+ and
Mg2+ forms.
The experiments were performed at loom tempe-
ratures (300 ± 2°). Weighed amounts (1 g) of the
air-dried resin of known moisture content were mixed
with acid (AR) solutions of known initial concen-
trations in ground stoppered Jena bottles and shaken
in a mechanical shaker for 4 hr and then kept for
48 hr to attain equilibrium. After attainment of
equilibrium, the acids were estimated by alkalirnetric
titrations using phenolphthalein indicator. Con-
centrations of Na" and K+ in equilibrium solutions
were determined using an EEL flarnephotometer
with suitable filters for sodium and potassiums. The
concentration of Mg2+ (for magnesium form resin)
in the final solution was determined by EDTA titra-
tion using Eriochrome Black-T indicator", The
concentrations of these ions gave the ion-exchange
value. The difference between initial and final
concentrations gave the total sorption of the acids.
Adsorption as well as ion-exhange isotherms of
carboxylic acids are presented in Fig. 1. For all the
salt forms of the cation-exchange resin, the molecular
adsorption of the carboxylic acids increases in the
order, formic < acetic < propionic < n-butyric and
for chloroacet ic acids the order is, trichloroacetic <
dichloroacetic < monochloroacetic. The order of
ion exchange for carboxylic acid is n-butyric< pro-
pionic < acetic < formic and for chloroacet ic acids
it is monochloroacet ic < dichloroacet ic < trichloro-
acetic. This shows that lower dissociation constants
of the carboxylic acids lead to higher adsorption
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